1. Introduction {#sec1-molecules-25-01126}
===============

After the Industrial Revolution in the 18th century, modern medicine as we know it began to emerge. There were a few achievements that led to the development of the field of modern medicine, which would be the discovery of the small pox vaccination by Edward Jenner in 1796, followed by inventions such as the stethoscope and syringes in 1816 and 1853 by Rene Laennec, and Charles Gabriel Pravaz together with Alexander Wood, respectively \[[@B1-molecules-25-01126]\]. During the 19th century and onwards, there was a major breakthrough in identifying the causes of illness and preventing illnesses, whereby various human infectious disease-causing agents were identified \[[@B2-molecules-25-01126]\]. This was made possible when Louis Pasteur in 1857 proved that germs are the causative agent of diseases, followed by Robert Koch, who postulated the germ theory of disease; this is known as Koch's postulate, which was demonstrated using *Mycobacterium tuberculosis* \[[@B3-molecules-25-01126]\]. Following that, the discovery of penicillin, an antibiotic, by Alexander Fleming in 1928 was another major contribution that has led to the revolution of the medical field \[[@B1-molecules-25-01126]\]. These discoveries are foundation of modern medicine and led to the discovery of various illnesses, their causative agents, and also the discovery and manufacture of antimicrobials, which have led to a reduction in mortality. Regardless of continuous and progressive achievements in the area of medical field, there are impending threats which cannot be overlooked. One such threat would be the rise in antimicrobial resistance among pathogens due to over-prescription and also the development of resistance among cancer-curing drugs through DNA mutation by the cancerous cells \[[@B4-molecules-25-01126],[@B5-molecules-25-01126],[@B6-molecules-25-01126],[@B7-molecules-25-01126]\]. [Figure 1](#molecules-25-01126-f001){ref-type="fig"}, below, shows the percentage of deaths caused in the world due to communicable and non-communicable diseases in 2017 \[[@B8-molecules-25-01126]\].

According to a report published by World Health Organization (WHO), by 2050, there will be approximately 10 million deaths caused by the drug-resistant pathogens and common diseases such as respiratory tract infections and urinary tract infections every year, which will be higher than the number of deaths caused by cancer \[[@B9-molecules-25-01126],[@B10-molecules-25-01126]\]. Hence, it is necessary to look into alternative solutions, such as natural products, for example, plant extracts, to overcome impending threats in the medical field \[[@B11-molecules-25-01126],[@B12-molecules-25-01126]\]. It has been widely reported that plant extracts such as essential oils contain various bioactive compounds which are responsible for bioactivities, such as antimicrobial, anticancer, and anti-inflammatory agents \[[@B6-molecules-25-01126],[@B12-molecules-25-01126],[@B13-molecules-25-01126],[@B14-molecules-25-01126],[@B15-molecules-25-01126]\]. As nature is rich with different plants, researchers have focused their attention towards plant extracts as an alternative to synthetic drugs to be applied in the clinical setting \[[@B16-molecules-25-01126]\]. An example of these plants would be those plants grown in the Middle Eastern region. They are known to be able to tolerate extreme weather conditions. It is known that the plant extracts synthesized by plants are affected by environmental factors, such as the temperature and the availability of water \[[@B17-molecules-25-01126],[@B18-molecules-25-01126]\]. Therefore, the extracts from plants obtained from the Middle Eastern region may provide an array of different compounds with greater variety of bioactivities due to the environmental conditions surrounding these plants.

The Middle East is known as the driest region in the word and consists of Bahrain, Cyprus, Egypt, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Arabia, Syria, Turkey, United Arab Emirates, and Yemen \[[@B19-molecules-25-01126],[@B20-molecules-25-01126]\]. However, in fact, the Middle East has diverse physiography, ranging from large gravel and sandy deserts to upland plateau and mountain ranges \[[@B21-molecules-25-01126]\]. Apart from geography, the climate conditions also vary depending on the season, where during summer, the temperature usually will be in the range of 38--42 °C, whereas during winter the temperature may drop to 14 °C \[[@B21-molecules-25-01126]\]. Despite being known as the driest region in the world, there are approximately 13,500 species of plants that can be found in Middle East countries. Plants from genera *Acantholimon, Acanthophyllum, Astragalus, Centaurea, Cousinia, Dionysia, Nepeta, Phlomis, Salvia, Saponaria, Silene, Stachys, Thymus,* and *Verbascum* are example of plants that are predominantly found in these regions \[[@B21-molecules-25-01126]\]. Iraq consists of rich and diverse species of plants, with approximately 3300 species of them found in deserts, mountains, and plain range.

Plants from this region are less explored, but their counterpart plants from other regions have or are being widely explored for their application in plant extracts. One example would be the date palm tree from the African region, which has been tested for its antibacterial activity and has been reported to have activity against Enterobacteriaceae, such as pathogenic strains of *Escherichia coli*, *Klebsiella pneumoniae*, *Salmonella typhi*, and *Proteus mirabilis*, but, other than *E. coli* and *K. pneumoniae* strains, date palm trees from the Middle East have yet to be tested for antibacterial activity against other Enterobacteriaceae \[[@B22-molecules-25-01126]\]. The native plants of the Middle East have also been used as a form of local traditional medicine by the natives, indicating the ability of the Middle Eastern plants to heal various illnesses. Hence, in this review, we will be focusing on Middle Eastern plant extracts as a potential solution for the challenges faced in the clinical setting, such as the increase in antimicrobial resistance. We will also provide information on various bioactivities, such as anti-cancer, antimalarial, and anti-inflammatory activities, along with the compounds responsible for these bioactivities from the plants.

2. Traditional Herbal Medicines {#sec2-molecules-25-01126}
===============================

Traditional medicine is a term used to refer to any non-Western medical practice and the practice of traditional medicines dates back to prehistoric times, whereby fossil records indicate that humans have used plants as a medicinal source since 60,000 years ago \[[@B23-molecules-25-01126],[@B24-molecules-25-01126],[@B25-molecules-25-01126]\]. Traditional Chinese medicine, Ayurveda, traditional Korean medicine, Arabic unani medicine, and Iranian traditional medicine are a few examples of traditional medicines which have been practiced all over the world \[[@B26-molecules-25-01126]\]. They consist of medicines which are made from leaves, roots, herbs, barks, and minerals, which can be found abundantly in nature and they work together synergistically \[[@B27-molecules-25-01126]\]. The application of traditional medicine as a remedy, known as "alternative" or "complementary", medicine has been widely accepted in both developed and developing countries \[[@B27-molecules-25-01126]\].

As per the reports, approximately four billion people from developing countries (approximately 80% of the world population) rely on traditional medicine as a main source of cure for ailments. Meanwhile, in countries such as the United States of America, Canada, and France, it is estimated that 42%, 70%, and 75% of their populations, respectively, have used herbal medicines at least once \[[@B27-molecules-25-01126],[@B28-molecules-25-01126],[@B29-molecules-25-01126],[@B30-molecules-25-01126]\]. The shift to traditional medicines from conventional modern medicine was observed due to the natural ways of treating various diseases that can improve the healthcare of the general public and also due to the presence of legislation and regulations which are responsible for ensuring the quality and safety of traditional medicines in some countries, such as in Europe and the United Kingdom, thus promoting usage among the common public \[[@B27-molecules-25-01126],[@B31-molecules-25-01126]\].

Traditional medicines have been used as a reference to isolate medicinal value compounds from plants by researchers to be applied in modern medicine. Such a discovery would be the discovery of morphine from the tarry poppy seed juice, by Friedrich Sertürner, from the plant opium poppy \[[@B32-molecules-25-01126],[@B33-molecules-25-01126],[@B34-molecules-25-01126],[@B35-molecules-25-01126]\]. Other than that, there are numerous bioactive compounds, especially alkaloids such as caffeine and nicotine, that have been extracted from natural products \[[@B36-molecules-25-01126],[@B37-molecules-25-01126]\]. Besides that, anti-cancer, anti-hypertensive, and anti-migraine medications have also been extracted from plants. For instance, the Pacific yew tree found in the northwest region of the United States of America was used by the natives as a healing medicine. The tree was discovered to have a taxol compound that has significant anti-cancer activity; this has been proven to be a promising cure for breast and ovarian cancer \[[@B38-molecules-25-01126]\].

Ayurveda and Chinese traditional medicine are well established and widely practiced forms of traditional medicines with a lot of research and publications. However, there are some practiced traditional medicines which have been less reviewed compared to Ayurveda and Chinese traditional medicines, but with equally important information. One such example would be the Middle Eastern-based plant extracts, which are rich in different types of compounds that can be grouped based on their chemical structures and have high bioactive activities.

3. Phytochemistry of Plant Extracts {#sec3-molecules-25-01126}
===================================

The extraction of plants can be conducted in a few methodologies. Hydro distillation is one of the methods used to isolate the plant extract \[[@B39-molecules-25-01126],[@B40-molecules-25-01126]\]. The plant material will be heated in water, followed by the liquefaction of the vapors. Solvent extraction is another classic method which is commonly applied to obtain plant extracts. Solvents such as acetone, ethanol, methanol, and hexane are used \[[@B41-molecules-25-01126],[@B42-molecules-25-01126]\]. This technique is applied when the part of the plant which is to be extracted is fragile and easily disrupted, or where heat or steam techniques cannot be applied \[[@B43-molecules-25-01126]\]. It is important to consider the polarity of the compound---that is, considering the ability of the solute to dissolve in a provided solvent \[[@B44-molecules-25-01126]\]. Polar solvents tend to dissolve ionic or highly polar solutes, whereas non-polar solvents tend to dissolve non-polar solutes. Hence, the extraction from the plants will be done from highly polar solvent, followed by low polar solvent, and finally non-polar solvent. The botanical sample is combined with a solvent and then mildly heated, followed by the filtration and evaporation of the solvents using a rotary evaporator. Following the extraction of the plants, the compound of the extracts must be identified. There are a few techniques where the isolation and identification of the compounds can be conducted. The techniques can be grouped as chromatography, electrophoresis, and spectroscopic techniques. [Table 1](#molecules-25-01126-t001){ref-type="table"} below shows the summary of the techniques.

4. Bioactivity of Plant Extracts from Middle East {#sec4-molecules-25-01126}
=================================================

The Middle East is home to different species of plants, which exist primarily in that region despite having an extreme climate. [Table 2](#molecules-25-01126-t002){ref-type="table"} below lists plants from this region and the bioactivities of the compounds obtained from the plant extracts, which can be utilized to overcome medical predicaments such as resistance to antibacterial drugs, cure for cancer, and antifungal, to name a few.

4.1. Antimicrobial Activity {#sec4dot1-molecules-25-01126}
---------------------------

There are various plant extracts that have indicated antimicrobial activity against a wide range of microorganisms, such as bacteria, fungi, and viruses \[[@B6-molecules-25-01126]\]. The antimicrobial activity of these extracts is attributed to the presence of various groups of compounds, such as phenolics, alkaloids, saponins, terpenes, lipids, and carbohydrates \[[@B76-molecules-25-01126],[@B77-molecules-25-01126]\]. The compounds present in the plant extracts are dependent on the types of solvents used during the extraction process \[[@B78-molecules-25-01126]\]. Compounds which belong to the phenol and terpene groups are known widely to have antimicrobial activity \[[@B6-molecules-25-01126]\]. These phenolic compounds act on the bacteria by altering the permeability of the plasma membrane of bacterial cells, altering enzymes in the cells or through modifying the rigidity of the cell wall; this results in the loss of integrity in the cell membrane \[[@B79-molecules-25-01126]\]. These are known to be irreversible cell damages. We will be discussing various plants which are found in the Middle Eastern region that have antimicrobial activity against various pathogens.

Dates (*Phoenix dactylifera*) have been identified to exhibit antimicrobial activity from various parts of the tree, such as the fruit and seeds, due to the presence of phenolic compounds \[[@B80-molecules-25-01126],[@B81-molecules-25-01126]\]. Date seeds from Saudi Arabia have been tested against *Klebsiella pneumoniae* and *Escherichia coli* to determine their antimicrobial activity and the zone of inhibition obtained was compared with known antibiotics \[[@B51-molecules-25-01126]\]. From the study, it was found that the zone of inhibition of date seed water extract was comparable to cefotaxime (16.33 mm) on *K. pneumoniae* (16.351 mm), whereas for *E. coli* (10.00 mm) the zone of inhibition was similar to amikacin (14.00 mm) and aztreonam (15.33 mm). The antimicrobial activities of date seeds are due to the presence of phenolic compounds, such as p-coumaric, ferulic and sinapic acids, flavonoids, and procyanidins \[[@B50-molecules-25-01126]\]. Three types of dates from Oman (Mabseeli, Um-sellah, and Shahal) have also been reported to have high phenolic content, rich in antioxidant and strong antimicrobial activity \[[@B82-molecules-25-01126]\].

The leaves of the date palm are rich in phenolic compounds, whereby the highest phenolic content can be obtained when extracted using methanol \[[@B81-molecules-25-01126]\]. The leaves of date palm have been shown to exhibit antimicrobial activity against both Gram-positive and Gram-negative bacteria. A study was conducted to test the antimicrobial activity of three different cultivars of date palm leaves, Sukkaria, Hillaliah, and Hoshana, against Gram-positive bacterial strains (*Staphylococcus aureus* ATCC 25923, *Staphylococcus epidermidis* ATCC 12228, *Enterococcus faecalis* ATCC 29212, and *Bacillus cereus* ATCC 10876) and Gram-negative bacterial strains (*Klebsiella pneumoniae* ATCC 700603 and *Escherichia coli* ATCC 35218) \[[@B83-molecules-25-01126]\]. All three methanol leaf extracts exhibited a varied degree of antibacterial properties. The Gram-positive bacteria were more susceptible towards the methanol leaves extracts compared to Gram-negative bacteria. *S. aureus* was highly susceptible to the leaves extract compared to the other Gram-positive strains, whereas *E. faecalis* was the least sensitive. *K. pneumoniae* exhibited no susceptibility against all three extracts, however, *E. coli* showed a small amount of susceptibility towards Hillaliah leaf methanol extracts. The methanol extracts were further examined for antioxidant activity and Hillaliah methanol extract showed the highest antioxidant activity (93.2%) at a concentration of 100 mg/mL, and Hoshana and Sukkaria recorded 88.9% at a concentration of 100 mg/mL. Terpenoids, phenolic, and flavonoids, which have antimicrobial activity, also contribute to the antioxidant activity which was identified through 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) radical scavenging activity, reducing power assay, total antioxidant capacity, and reduction of ferric ions assays \[[@B84-molecules-25-01126]\].

Other than the date palm, the phytochemical analysis of figwort (*Scrophularia* sp.) plant extract from various parts, such as the stem, rhizome, and seed, showed that the extracts contain phenolic compounds, which is attributed to the antimicrobial activity \[[@B54-molecules-25-01126],[@B55-molecules-25-01126]\]. The phenolic content of the extracts was found to be higher in the polar extracts such as methanol compared to the non-polar extracts such as water \[[@B54-molecules-25-01126]\]. The figwort plant is commonly found in Iran, distributed around mountain range and deserts \[[@B55-molecules-25-01126]\]. A study was conducted to identify the antimicrobial activity of figworts (*S. striata*) against oral pathogens, *Actinomyces viscous* PTCC (Persian Type Culture Collection) 1202, *Streptococcus mutans* PTCC 1683, *Streptococcus sobrinus* PTCC 1601, *Lactobacillus fermentum* PTCC 1638, *Lactobacillus casei* subsp *casei* PTCC 1608, and *Eikenella corrodens* PTCC 1391 \[[@B85-molecules-25-01126]\]. The extracts of the plants were obtained from hydro-alcoholic (ethanol:water: 50:50) extraction. The inhibition zone of *S. striata* at 100% *w*/*v* was less significant when compared to the control (Chlorhexidine). The zone of inhibition of *S. striata* extract was higher than Irsha mouthwash and tooth brush tree for both *L. casei* and *L. fermentum*, whereas the zone of inhibition of *S. sobrinus* and *A. viscous* was equal to Irsha but less than the tooth brush tree. For *S. mutans* the zone of inhibition was less than the tooth brush tree but more than Irsha, and finally against *E. corrodens* the zone of inhibition was equal to the tooth brush tree but more than Irsha. The antibacterial activity of *S. striata* might be due to the presence of phenolic acids, such as phenylethanoids, and phenylpropanoids, such as flavonoids. Phenylethanoids are derived from benzoic acid and are commonly found in *Scrophularia* sp., whereas phenylpropanoids such as flavonoids are commonly found in plant extracts \[[@B86-molecules-25-01126],[@B87-molecules-25-01126],[@B88-molecules-25-01126]\]. As these compounds belong to the phenolic group, they react with the bacteria by altering the membrane permeability, as mentioned above.

Water figwort (*Scrophularia umbrosa Boiss*) is a plant native to Iran, and has been reported to have anti-malarial activity \[[@B55-molecules-25-01126]\]. The rhizome from water figwort was treated using dichloromethane, n-hexane, and methanol in one study. The dichloromethane rhizome extract showcased moderate anti-malarial activity, whereas both n-hexane and methanol extracts did not exhibit any anti-malarial activity \[[@B55-molecules-25-01126]\]. The assessment of the anti-malarial activity was conducted using in vitro β-hematin formation assay. At concentrations greater than 3 mg/mL, dichloromethane rhizome extract exhibited potent anti-malarial activity by inhibiting the formation of heme bio crystallization. The gas chromatography-mass spectrometry (GC-MS) analysis was conducted on the extract of dichloromethane and identified linoleic acid (44.61%) and cinnamic acid (27.07%), which resulted in the antimalarial activity. Cinnamic acid is a derivative of phenyl belonging to the group of phenylpropanoid, whereas linoleic acid belongs to the unsaturated fatty acid group \[[@B86-molecules-25-01126],[@B89-molecules-25-01126],[@B90-molecules-25-01126]\]. The mode of action of linoleic acid against bacterial pathogens is by inhibiting the FabI enzyme, which is responsible for the synthesis of bacterial fatty acids \[[@B91-molecules-25-01126]\]. However, the mechanism of anti-malarial activity specifically by these compounds has yet to be determined.

Meswak (*Salvadora persica* L.) is a plant which is commonly related to oral hygiene and is known to contain compounds such as silica, resin, alkaloids, and vitamin C \[[@B92-molecules-25-01126]\]. Meswak grows mainly in Saudi Arabia but also can be found in other regions of the Middle East. Roots and stems of Meswak plants contain silica and resin, where they can form a protective coat over an enamel of the teeth, thus protecting the teeth from microbial activities which might lead to the formation of caries and gingivitis \[[@B63-molecules-25-01126],[@B64-molecules-25-01126],[@B65-molecules-25-01126],[@B93-molecules-25-01126]\]. The silica acts as an abrasive material, where it deposits on the surface of the teeth, whereas resins forms a layer over the enamel, acting as a physical barrier \[[@B92-molecules-25-01126]\].The roots and twigs of Meswak were soaked in sterile distilled water, 96% ethanol, ethyl acetate, and 2% acetic acid to obtain extracts \[[@B94-molecules-25-01126]\]. These extracts then were tested against oral microorganisms *Actinobacillus actinomycetemcomitans* ATCC 43717, *Actinomyces naeslundii*, *Candida albicans* ATCC 90028, *Lactobacillus acidophilus* CCUG 5917, *Porphyromonas gingivalis* W50 Black, *Prevotella intermedia* VPI 4197, and *Streptococcus mutans* CCUG 11877. From the study conducted, *S. mutans* were the most sensitive strain to all the extracts, however, *L. acidophilus* was sensitive only to the root-ethanolic extract. Compared with all the solvent extracts, ethanolic extracts exhibited the strongest antimicrobial activity. Both twigs and roots ethanol extracts were able to inhibit the growth of *C. albicans*, indicating its capability as an anti-fungal agent. Compounds such as *N*-benzylbenzamide, decane, and stigmasterol have been revealed to possess antimicrobial properties, and they are widely found in the stem region of the Meswak plant \[[@B63-molecules-25-01126],[@B93-molecules-25-01126]\]. The compounds that have been identified belong to several groups, where the decane is a hydrocarbon, stigmasterol is a plant sterol, and *N-*benzylenzamide is an amide, and all these compounds have been identified to contain antimicrobial activity \[[@B92-molecules-25-01126]\]. The mechanism of anti-fungal activity from a plant extract is via inhibition of the synthesis of the cell wall and growth of the hyphae of fungus \[[@B95-molecules-25-01126]\]. However, the mechanisms of these specific compounds against bacteria and fungus are yet to be determined. The plant extract of Meswak also has anti-viral properties. The anti-viral activity is due to the presence of the compound benzylisothiocyanate, an isothiocyanate \[[@B65-molecules-25-01126]\]. The plant extract acts on the virus by inactivating the virus particles; this is done by interfering with the adsorption step of the virus to a cell \[[@B96-molecules-25-01126]\]. The Meswak plant stick obtained from Saudi Arabia has exhibited anti-viral property against Herpes simplex virus \[[@B97-molecules-25-01126]\]. The ethanol extract of the plant was tested on baby hamster kidney cells which were infected with Herpes simpex virus. From the study, it was found that all the ethanol extracts at different concentration of Meswak were able to inhibit the growth of herpes simplex virus. The cytolytic activity of the virus reduced in the presence of 0.5%, 1.0%, and 1.5% of the extract concentration post 10 min treatment. However, at 5.0% of Meswak extract, the cytolytic activity was reduced tremendously. Thus, it can be deduced that the ethanol extract of Meswak is able to inhibit the replication of the virus. The compounds which are responsible for the anti-viral activity would be benzyl nitrate and benzylisothiocyanate \[[@B97-molecules-25-01126]\]. Hence, the Meswak plant is also known to be effective anti-viral agent, apart from antibacterial agent.

Savory of crete (*Satureja thymbra*) is an herbaceous plant grown mainly in the Middle East region and has been reported to have anti-viral activity. The plant has been used traditionally to treat stomach and intestinal disorders, such as cramps and indigestion \[[@B74-molecules-25-01126]\]. The plant consists of compounds such as thymol, carvacrol, *p*-cymene, γ-terpinene, borneol, caryophyllene, and bicyclogermacrene as major compounds \[[@B74-molecules-25-01126]\]. Thymol and carvacrol are monoterpenoid phenol compounds, whereas *p*-cymene, γ-terpinene, borneol, caryophyllene, and bicyclogermacrene are terpene compounds. Ethanol extract of savory of crete leaves has been used against monkey kidney cell line infected with Herpes simplex virus type 1 \[[@B98-molecules-25-01126]\]. From the study, it was found that ethanol extract at a concentration of 0.25 mg/mL is able to inhibit 50% of the viral growth, indicating the ability of the extract to be utilized as an anti-viral agent. The result obtained was confirmed by another researcher, who identified that 50% of the viral growth of Herpes simplex virus type-1 was inhibited at a concentration of 0.22 mg/mL \[[@B75-molecules-25-01126]\]. Phenolic compounds found in the extract act on the viral particles by interacting with the glycoprotein of the viral envelope or by inhibiting the polymerase of the viral particles, thus interfering with the synthesis of the viral genome, whereas the terpenes inhibit the virus by interfering with the envelope structure, which is required for the adsorption of the cells to the host cells to cause infection \[[@B99-molecules-25-01126],[@B100-molecules-25-01126]\]. As the ethanol extract of the leaves of Savory of crete consists of different types of compounds, it has been shown to be an effective anti-viral due to its ability to inactivate the viral particles using different mechanisms.

The anti-fungal property of a plant extract is determined by the presence of compounds such as phenols, tannins, flavonoids, terpenoids, and saponins, and the methanol extract of plants has been recorded to contain high amount of these compounds \[[@B101-molecules-25-01126],[@B102-molecules-25-01126]\]. Chicory (*Cichorium intybus*) is a plant that originated from the Iranian region and has been reported to have anti-fungal property \[[@B103-molecules-25-01126]\]. The leaves of the chicory plant soaked in ethanol were tested against the candidiasis pathogen, *Candida glabrata* and *Candida krusei* \[[@B69-molecules-25-01126]\]. From the study, it was found that *C. krusei* is more sensitive to the chicory ethanol extract compared to *C. glabrata*, as *C. krusei* growth was inhibited at a low concentration of 50 µg/mL, whereas growth of *C. glabrata* was inhibited at a concentration of 100 µg/mL. The anti-fungal activity of chicory leaves extract is due to the presence of compounds such as lactucin, lactucopicrin, deoxylactucin, and β-1,3-dihydrolactucin \[[@B69-molecules-25-01126],[@B104-molecules-25-01126]\]. A similar study was conducted on both the *Candida* sp., and similar results were recorded \[[@B68-molecules-25-01126]\]. All the compounds identified from the extract are sesquiterpenes; these compounds inhibit the growth of yeast by altering the cell structure of the *Candida* cells, resulting in the leakage of intracellular cellular content of the cells \[[@B101-molecules-25-01126],[@B105-molecules-25-01126]\].

4.2. Anti-Cancer and Anti-Tumor Activity {#sec4dot2-molecules-25-01126}
----------------------------------------

Other than antimicrobial activities such as antibacterial, antifungal, and antimalarial bioactivities, plant extracts from the Middle East are known to have anti-cancer and anti-tumor properties, with the added ability to also enhance the immune system and induce apoptosis among carcinoma cells; this will enable the possibility of curing cancers and tumors, without much dependence on chemotherapy agents \[[@B49-molecules-25-01126]\]. The anti-cancer and anti-tumor activities in the plant extract are due to the presence of various groups of compounds, such as alkaloids, diterpenes, diterpenoquinone, purine-based compounds, lactonic sesquiterpene, proteins, and macrolides \[[@B106-molecules-25-01126]\]. These compounds are able to inhibit the mitotic cycle of cells or the formation of reversible DNA strand breakage in normal cell cycle, inhibit polymerization of tubulin or by apoptotic death of the cell \[[@B106-molecules-25-01126]\].

Ajwa, a variety of palm date that can be obtained from Saudi Arabia, is known to exhibit anti-cancer properties when tested against cancer cell lines due to its high polyphenolic content \[[@B48-molecules-25-01126]\]. The ethanol extract of the pulp of Ajwa dates was tested against human hepatocellular carcinoma (HCC) HepG2 cells to identify the apoptosis-inducing effect \[[@B53-molecules-25-01126]\]. From the study, it was found that compound β-D-glucan is an active compound found in the ethanol Ajwa pulp extract. It was found that the ethanol Ajwa pulp extract had the ability to induce apoptosis of HepG2 cells in a time- and dose-dependent manner. The HepG2 cell line is human liver carcinoma cells. The extract was able to impair the proliferation of hepatocellular carcinoma (HCC) cell growth, whereby a great effect was observed when the cell line was treated for 48 h at a concentration of 10 mg/mL, 15 mg/mL, 20 mg/mL, 25 mg/mL, and 30 mg/mL. Moreover, the extract showed only low toxicity against Vero cell line, where the survival of the Vero cell line was 98.4%, 96.6%, and 94.8% at 10 mg/mL, 15 mg/mL, and 20 mg/mL, respectively. The extract also exhibited DNA fragmentation in the treated cells. The Ajwa pulp extract was also able to induce intracellular generation of reactive oxygen species (ROS) within the HCC-treated cells and the extract was seen to modulate the expression of tumor suppressor genes such as CHEK2, ATM, and TP53 from the TP53 pathway. Furthermore, the Ajwa date pulp ethanol extract has been shown to effectively exhibit anti-cancer activity by a few mechanisms; that is, fragmentation of DNA, and generation of ROS such as superoxides and hydrogen peroxides, which will result in damage to lipids, proteins, and DNA of a cell and suppression of genes responsible for the growth of tumor cells \[[@B53-molecules-25-01126],[@B107-molecules-25-01126]\].

Other than antimicrobial activity, *S. striata* is also known to have anti-cancer properties against Human Astrocytoma Cell Line (1321), which is from the brain. In a study conducted by A. Lajimi and colleagues (2010) \[[@B57-molecules-25-01126]\], aerial parts of the plants, which are the seeds and the leaves, were studied for anti-cancer properties on Human Astrocytoma Cell Line (1321). The extracts were water extracts, which were divided into filtered extract and unfiltered extract. At LC50 (5.5 µg/mL), filtered leaf extract was able to inhibit the proliferation of cell line 1321, whereas the seed extracts had no cytotoxic effect. The unfiltered leaf extract exhibited both inhibitory effects and stimulatory effects on the proliferation of the cell line 1321. However, the stimulatory effect on the proliferation of the cell line reduced with an increase in incubation period. Nevertheless, the stimulatory effect of the proliferation of cell line was not observed in the filtered extract, indicating that the compound responsible for the stimulatory effect was eliminated through the filtration process. From the flow cytometry experiment, it was found that the 1321 cell line treated with filtered leaf extract induced apoptosis, indicating that apoptosis is the mechanism by which the extract caused death of the cancer cells. The anti-cancer property from *S. striata* can be due to the presence of monoterpenoid compounds such as iridoid glycosides, especially aucubin and catalpol \[[@B108-molecules-25-01126]\]. The compound iridoid glycosides have been known to have anti-cancer properties against various cancer cells, such as breast cancer, renal cancer, and lung cancer \[[@B107-molecules-25-01126]\].

The plant *Scrophularia* has been identified for various bioactivities, such as antimicrobial activity and also anti-cancer and anti-tumor. A similar study was conducted against human breast cancer cell line using methanolic sub-fractions (Fa, Fb, Fc, and Fd) of *Scrophularia oxysepala* \[[@B109-molecules-25-01126]\]. The amount of the sub-fractions was: 1) Fa: 68 mg; 2) Fb: 85 mg; 3) Fc: 60 mg; and 4) Fd: 53 mg. The effect of the sub-fractions was tested on human breast cancer cell line (MCF-7) and mouse fibroscarcoma cell line (WEHI-164) and all the sub-fractions resulted in a dose-dependent reduction in cell viability, and compared among the four sub-fractions, Fa and Fb exhibited the highest cytotoxicity on the cells. The sub-fractions were then tested to identify the cause of death of the cells and identified that all four sub-fractions caused apoptosis at a higher rate. The sub-fractions were also tested with the normal mouse control cell line L929 and less apoptosis was induced by the extracts compared to MCF-7 and WEHI-164.

Cactus (*Opuntia ficus-indica*) is another common plant found in the dry and desert area, belonging to the family Cactaceae, and has 130 genera with about 1500 species that have been identified to have various bioactivities, including anti-cancer properties \[[@B110-molecules-25-01126]\]. The methanol extract of cactus roots has been used to study the effect on ethanol-induced ulcers in rats \[[@B61-molecules-25-01126]\]. The methanolic root extract of *O. ficus-indica* has a high total phenolic content and results in high anti-oxidant activity by inactivating genotoxic molecules such as reactive oxygen species \[[@B111-molecules-25-01126]\]. Rats treated with 80% ethanol showed an increase in the size of the gastric lesion in the stomach, and when the rats were treated with the methanol extract of the root at concentrations of 200 mg/kg, 400 mg/kg, and 800 mg/kg, showed a reduction in the ulcer lesion by 49.21%, 83.13%, and 92.59%, respectively. There was also an increase in mucus production observed in the stomach of the rats treated with 800 mg/kg of the extract. Therefore, the extract can be utilized as an anti-ulcer remedy and has a gastro-protective effect on ethanol-induced gastric lesions in rats.

Meswak plant extract has been identified to have antitumor properties due to the presence of high phenolic and flavonoid contents, along with antimicrobial activity \[[@B67-molecules-25-01126]\]. In a study, the stems of Meswak plant were dried and extracted in 90% ethanol. The ethanol extract of stems of Meswak was found to contain sterols, tannins, coumarins, alkaloids, and glycosides, and these compounds contain antitumor properties \[[@B112-molecules-25-01126],[@B113-molecules-25-01126]\]. The extract was tested on murine mouse melanoma and the extract was able to delay the growth of tumors. This was assessed by determining the time taken for the tumor to reach double the size of the initial treatment (VDT) and the difference in time (days) for the treated and untreated tumors to reach five-times the treatment volume. From the study, it was found that the extracts managed to increase the VDT and growth delay (GD), thus delaying the growth of antitumor. The mechanism of action of these compounds against tumor cells would be inhibiting the topoisomerase enzymes, the compounds binding to the microtubules, and cell-cycle arrest \[[@B106-molecules-25-01126]\].

Chicory plant has exhibited antifungal properties; nevertheless, the plant's root methanol extract has been reported to have anti-cancer properties by the presence of various classes of compounds, such as lactucin, β-sitosterol, quinic acid, succinic acid, and polyphenols such as flavonoids in the root methanol extracts \[[@B70-molecules-25-01126],[@B72-molecules-25-01126]\]. Flavonoids have been identified to have anti-cancer properties due to the compound's ability to inhibit fatty acid synthase enzyme, which over-express and are highly active in cancer cells. From one study, it was found that the methanol root extract of chicory plant was able to reduce the viability of the human breast cancer SKBR3 cell line at concentrations of 400 µg/mL, 500 µg/mL, and 600 µg/mL, in a time- and concentration-dependent manner \[[@B70-molecules-25-01126]\]. As the dose of the chicory methanol extract concentration and time duration of the exposure increases, the percentage of breast cancer cell viability decreases, thus indicating the applicability of chicory root methanol extract for anti-cancer treatment.

4.3. Anti-Inflammation and Anti-Diabetic Activity {#sec4dot3-molecules-25-01126}
-------------------------------------------------

Anti-inflammation is an important aspect which enhances the immune system of the host when the host is invaded by pathogens. However, inflammation may cause diseases such as heart disease, diabetic, cancer, and arthritis \[[@B114-molecules-25-01126]\]. This issue can be overcome by consuming a diet which includes flavonoids and phenolic compounds that possess antioxidant activities \[[@B115-molecules-25-01126]\]. Plant extracts isolated from the Middle East region have exhibited anti-inflammation and anti-diabetic properties, which aid in enhancing the immune system of the host.

Date fruits have been shown to exhibit an anti-inflammatory response due to the presence of phenolic compounds and flavonoids \[[@B116-molecules-25-01126]\]. In a study, 29 different dates were tested for anti-inflammation activity. Water and methanol extracts were obtained for all the 29 varieties of the date fruits. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay (MTT antioxidant assay) was conducted to identify compounds which were able to either reduce or remove the oxidative agents. From the study, it was found that all methanolic extracts at a concentration of 250 µg/mL showed better activity compared to the water extracts at a concentration of 250 µg/mL, where methanolic extracts of Khashram, Ruthana, and Luban showed the highest antioxidant activities. The anti-inflammatory effect was studied by the inhibition of cyclooxygenase enzymes---COX-1 and COX-2 enzymes---at 100 µg/mL for both water and methanolic extracts of all 29 varieties. Both the enzymes were inhibited by the water and methanolic extracts of all 29 varieties of dates, however the extracts showed higher inhibition of the COX-2 enzyme than the COX-1 enzyme, and methanolic extracts showcased better activity than the water extracts. The COX enzymes are responsible for production of prostaglandins, which promote inflammation \[[@B117-molecules-25-01126]\]. From the study, it can be deduced that both water and methanol extracts from date fruits have the ability to inhibit COX enzymes, which are involved in the inflammation.

Methylprednisolone is a drug consumed for treatment of arthritis, blood disorders, allergic reactions, and eye conditions, to name a few. The consumption of this drug results in side effects which include affecting the neurotransmitter content in the brain \[[@B118-molecules-25-01126]\]. In one study, the date seeds were obtained from Saudi Arabia and tested on male albino rats to determine the role of the seeds in reducing the side effect of methylprednisolone on the neurotransmitter content in the brain and also the level of testosterone in the rats \[[@B51-molecules-25-01126]\]. The rats which were orally fed with date seeds of 20 mg/kg daily showed an increase in dopamine, gamma-aminobutyric acid, and norepinephrine (neurotransmitters) in the brain. The neurotransmitter dopamine is a chemical released by neurons to transmit an electrical signal between the neurons from the central nervous system, and gamma-aminobutyric acid acts as an inhibitor, to calm the activity of the nervous system, whereas norepinephrine is responsible for activity such as attentiveness, emotions, sleeping, dreaming, and learning \[[@B119-molecules-25-01126],[@B120-molecules-25-01126],[@B121-molecules-25-01126]\]. An increase in these neurotransmitters indicated reduced chances for obtaining diseases such as Parkinson's disease, Huntington's disease, and mood disorders. Similarly, an increase in testosterone level was observed when the rats were fed with date fruit seeds.

Cactus has been identified to have anti-diabetic properties due to the presence of compounds such as linoleic acid (polyunsaturated fatty acid), oleic acid (monounsaturated fatty acid), vitamins such as tocopherols and vitamin K1, sterols, and carotenoids \[[@B122-molecules-25-01126]\]. A study was conducted to study the effect of cactus pear seed oil on hypoglycemic and antihyperglycemic and also toxic effects of the oil on the diabetic and non-diabetic rats \[[@B122-molecules-25-01126]\]. The rats were fed the seed oil orally and by intraperitoneal administration and there were no mortality, behavioral, or autonomic effects observed at dosages of 1 mL/kg, 3 mL/kg, or 5 mL/kg. The oral administration of the seed oil at 1 mL/kg or 2 mL/kg did not show any significant effect on the fasting blood glucose level of the healthy rats, but glibenclamide (drug to promote secretion of insulin) induced a drastic decrease in the blood glucose level of healthy rats. Other than that, in healthy rats, hyperglycemia was inhibited when the rats were orally administered with 0.8 mL/kg of the seed oil, whereas in streptozotocin-induced diabetic rats (STZ-diabetic rats) oral administration of the seed oil managed to improve the glucose tolerance in the diabetic-induced rats. Hence, this study showed that cactus pear seed oil has anti-diabetic properties by reducing the hyperglycemic effect in both normal and STZ-diabetic rats. The fatty acids found in the cactus pear seed oil were able to increase the secretion of the insulin, enhancing the fluidity of the cell membrane and GLUT4 transporter expression, thus enhancing the glucose-induced insulin secretion \[[@B122-molecules-25-01126]\].

5. Conclusions {#sec5-molecules-25-01126}
==============

From this review, it has been shown that plants from the Middle Eastern region are able to exhibit various bioactivities, such as antimicrobial, anticancer, and antitumor activities; they are also rich in antioxidants. There are studies being conducted from the plants this region to obtain the analysis of phytochemicals from various parts of plants. These extracts from plants should be further studied to identify the composition and also their bioactivity as an individual compound. In future, isolated compounds from these plants can be tested along with current known antimicrobials to identify the ability of the compound to improve the efficacy of the currently-used drugs against antimicrobial resistant pathogens through synergistic interaction, and as well to determine the efficacy of chemotherapeutic drugs when combined with these isolated compounds against cancer and or tumor cells. All the compounds which have been identified to exhibit bioactivity can be isolated and clinical trials need to be conducted to determine the efficacy of these compounds as antimicrobial drugs. The recognition and trial of compounds which have anti-cancer or anti-tumor activities will aid in the reduction of the side effects caused by the current chemotherapy drugs. However, the challenge involved in Middle Eastern region plants would be the replication of extreme weather when the compounds are to be extracted. It is important to continue research in this region's plants by utilizing traditional medicine as a reference to overcome the challenges in modern medicine, such as the lack of antimicrobial, antimalarial, and anti-cancer compounds.
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molecules-25-01126-t001_Table 1

###### 

Techniques to identify and separate the compounds found in the plants extracts \[[@B45-molecules-25-01126],[@B46-molecules-25-01126],[@B47-molecules-25-01126]\].

  ----------------------------------------- ------------------------------
  **Chromatography**                        Thin-layer chromatography
  Gas chromatography                        
  High-resolution liquid chromatography     
  Capillary-liquid chromatography           
  **Electrophoresis**                       Thin-layered electrophoresis
  Isotachophoresis                          
  Capillary electrophoresis                 
  **Spectroscopic**                         UV spectroscopy
  Infrared spectroscopy                     
  Near infrared spectroscopy                
  Nuclear magnetic resonance spectroscopy   
  Mass spectroscopy                         
  ----------------------------------------- ------------------------------

molecules-25-01126-t002_Table 2

###### 

Compounds obtained from secondary metabolites of Middle East plants and their bioactivity.

  Plants                                   Source of the Extract and The Compounds Extracted                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Bioactivity                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    Extraction Method                                                                                                                                                                                                                       Detection Method                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Reference
  ---------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------
  *Phoenix dactylifera* (Date)             Seed of the date water extract: p-coumaric, ferulic, sinapic acids, and flavonoids procyanidins.Leaves of the date methanol extract: flavonoids.Pulp of Ajwa date seed extracted using ethanol: β-D-glucan, oleic-lauric fatty acid, linoleic acid, and palmitic acid.                                                                                                                                                                                                                                                                                                                                 Antibacterial activity against *Klebsiella pneumniae*, *Escherichia coli*, *Staphylococcus aureus*, *Staphylococcus epidermidis*, *Enterococcus faecalis*, and *Bacillus cereus*.Induce apoptosis on human hepatocellular carcinoma cells, boost immune systems.                                                                                                                                                                                                                               The water extract of date seed was obtained using the solvent extraction method.The methanol leaf extract was obtained using the solvent extraction method.The ethanol leaf extract was obtained using the solvent extraction method.   Analysis was conducted using Agilent 1100 High-performance liquid chromatography (HPLC) System coupled with Bruker Esquire-LC ion trap mass spectrometer.The compounds were identified using thin layer chromatography by comparing with the standard color of gallic acid using an ultraviolet light lamp at 302 nm.The extract of Ajwa pulp was determined using High-performance liquid chromatography (HPLC) on a Waters 515 HPLC Pump System equipped with a Waters 2998 PDA Detector. For the chromatographic analysis, XBridge C~18~ Reverse Phase Column was utilized, where for mobile phase, two solvents, water and methanol-acetonitrile, were used. The HPLC was monitored at 254 nm to provide real-time chromatograms of the standard and the extract. β-D-glucan was used as the standard.                                                     \[[@B48-molecules-25-01126],[@B49-molecules-25-01126],[@B50-molecules-25-01126],[@B51-molecules-25-01126],[@B52-molecules-25-01126],[@B53-molecules-25-01126]\]
  *Scrophularia umbrosa* (Green figwort)   Rhizome of the dichloromethane extract of plant: linoleic acid and palmitic acid.Seeds and leaves were extracted using water: iridoid glycosides.Hydro-alcoholic extract of the seed and aerial part of the plant: phenylethanoids, phenylpropanoids, flavonoids.                                                                                                                                                                                                                                                                                                                                      Antimalarial activity.Anti-cancer in Human Astrocytoma Cell Line (1321 and human breast cancer cell line.Antimicrobial activity against *Actinomyces viscous Streptococcus mutans*, *Streptococcus sobrinus*, *Lactobacillus fermentum*, *Lactobacillus casei* subsp *casei*, and *Eikenella corrodens*.                                                                                                                                                                                       The extraction method conducted was Soxhlet apparatus.The extract was obtained using solvent extraction method.The extraction was performed using Soxhlet apparatus.                                                                    Dichloromethane extract was analyzed using Shimadzu GCMS-QP5050A gas chromatography-mass spectrometry (GC-MS) fitted with fused methyl silicon DB1 column where helium is used as carrier gas.The compounds were identified using gas chromatography silica gel H and C~18~ reversed phase silica gel along with thin layer chromatography which is pre-coated silica gel plates.The compounds were identified using column chromatography on silicagel 60 (Merck). The solvent systems used were *n*-hexane/ethyl acetate and ethyl acetate/methanol.                                                                                                                                                                                                                                                                                                         \[[@B54-molecules-25-01126],[@B55-molecules-25-01126],[@B56-molecules-25-01126],[@B57-molecules-25-01126],[@B58-molecules-25-01126],[@B59-molecules-25-01126]\]
  *Opuntia ficus-indica* (Cactus)          Root extract of the cactus usingmethanol: quercetin and silibin.Carotenes, α-cryptoxanthin, and β-carotene.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            Anti-inflammatory and antioxidant activity.Protection against oxidative damage.                                                                                                                                                                                                                                                                                                                                                                                                                The extraction method applied was the solvent extraction method.                                                                                                                                                                        The compounds were identified using reverse phase chromatography and the compounds were separated using the retention time. The mobile phase consists of acetic acid and acetonitrile. The detection of the compound was set at 350 nm. The products were identified by ultraviolet-visible spectra and electrospray ionization mass spectra.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B60-molecules-25-01126],[@B61-molecules-25-01126],[@B62-molecules-25-01126]\]
  *Salvadora persica* (Meswak)             Stem region of the plant extracted using distilled water, ethanol, ethyl acetate and acetic acid: *N*-benzylbenzamide, decane, and stigmasterol.Roots and stems of the plant:Silica, tannins, and resins.Stem region of plant extracted using distilled water, ethyl acetate, ethanol, and acetic acid: *N-*benzylbenzamide, decane, and stigmasterol.Ethanol extract of the stick of the plant: Benzyl nitrate and benzylisothiocyanate.Stem of Meswak extracted using ethanol and the ethanol-free extract further extracted in chloroform: sterols, tannins, coumarins, alkaloids, and glycosides   Antibacterial activity against *Actinobacillus actinomycetemcomitans, Actinomyces naeslundii*, *Lactobacillus acidophilus*, *Porphyromonas gingivalis*, *Prevotella intermedia* and *Streptococcus mutans*.Oral hygiene by removing stains from teeth, protection against caries and gingivitis.Anti-fungal activity against *Candida albicans.*Antiviral agent against Herpes simplex virus type 1.Anti-tumor property against murine mouse melanoma where the growth of tumor was delayed.   The extraction method used was Soxhlet method.The extracts were obtained using the solvent extraction method.The extracts were obtained using the solvent extraction method.The extraction method employed was Soxhlet apparatus.       The compounds were identified using gas chromatography-mass spectrometry (GC-MS) analysis using a Hewlett-Packard HP 5890 series II chromatograph interfaced with a Fisons VG-7070E mass spectrometer. Helium gas was used as a carrier gas.The compounds were identified using gas chromatography-mass spectrometry (GC-MS) analysis interfaced with a Fisons VG-7070E mass spectrometer.The extract was fractionated using column chromatography, where *n*-hexane/ethyl acetate was used for elution and the compounds were identified using thin layer chromatography.Flash chromatography was performed, followed by recording of ultraviolet spectra on a spectrometer. The infrared spectra of the compounds were measured. Then, thin layer chromatography was performed using petroleum ether: chloroform: ethanol: acetic acid.                      \[[@B63-molecules-25-01126],[@B64-molecules-25-01126],[@B65-molecules-25-01126],[@B66-molecules-25-01126],[@B67-molecules-25-01126]\]
  *Cichorium intybus* (Chicory)            Leaves: Lactucin, lactucopicrin, deoxylactucin, and β-1,3-dihydrolactucin.Roots: Lactucin, β-sitosterol, quinic acid, succinic acid, and polyphenols (flavonoids).                                                                                                                                                                                                                                                                                                                                                                                                                                     Antifungal activity against *Candida glabrata* and *Candida krusei*.Anti-cancer activity recorded against human breast cancer SKBR3 cell line.                                                                                                                                                                                                                                                                                                                                                 The extraction was done using the solvent extraction method.The extraction was done using the maceration method.                                                                                                                        The compounds were identified using Agilent 6550 iFunnel Q- Time-of-flight/mass spectrometer (Q-TOF/MS) system for chromatography analysis, followed by mass spectrometry conducted by Agilent 6550 Q-TOF/MS with an electrospray ionization source. The mobile phase at chromatography analysis utilized solvents formic acid in water and formic acid in acetonitrile.The extract was analyzed using High-performance liquid chromatography (HPLC) equipped with a photodiode array UV-vis detector SPD-M20A. Then, Liquid chromatography/mass spectrometry (LC/MS) analysis was conducted using a Quattro IItandem quadrupole mass spectrometer, fitted with an electrospray ionization source, followed byTandem mass spectrometry (MS/MS) analysis, which was done by transmitting precursor ions through mass spectrometry (MS) to the collision cell.   \[[@B68-molecules-25-01126],[@B69-molecules-25-01126],[@B70-molecules-25-01126],[@B71-molecules-25-01126],[@B72-molecules-25-01126],[@B73-molecules-25-01126]\]
  *Satureja thymbra* (Savory of crete)     Leaves soaked in ethanol: Thymol, carvacrol, *p*-cymene, γ-terpinene, borneol, caryophyllene, and bicyclogermacrene.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Anti-viral against Herpes simplex virus 1.                                                                                                                                                                                                                                                                                                                                                                                                                                                     The extract was obtained using the solvent extraction method.                                                                                                                                                                           The analysis to determine the composition was carried out using gas chromatography system (Hewlett-Packard Co., model 6890), coupled with a selective mass detector (Hewlett Packard 5973), where electron impact ionization was carried out.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  \[[@B74-molecules-25-01126],[@B75-molecules-25-01126]\]
